Fibrolamellar carcinoma is a rare malignant primary liver neoplasm with characteristic histological features that typically arises in young patients without viral hepatitis or cirrhosis. Previous studies on this entity have been limited by small numbers of patients. In contrast to classical hepatocellular carcinoma, individual cases of fibrolamellar carcinoma have been reported to express cytokeratin 7. In addition, ultrastructural and serological studies have suggested that fibrolamellar carcinoma may show neuroendocrine differentiation. The cellular differentiation of fibrolamellar carcinoma has not been studied and little is reported about its immunohistochemical profile. We studied 26 cases of fibrolamellar carcinoma and 62 cases of classical hepatocellular carcinoma by immunohistochemistry for HepPar1, glypican-3, pCEA, CD10, a-fetoprotein, cytokeratin 20, neuroendocrine markers, and surrogate markers for biliary differentiation (cytokeratin 7, cytokeratin 19, epithelial membrane antigen, EpCAM, mCEA, B72.3, and CA19.9). In situ hybridization for albumin mRNA was also performed. Tumor cells of fibrolamellar carcinoma and hepatocellular carcinoma showed positive signals for albumin mRNA by in situ hybridization in all cases. Both tumor types stained uniformly positively with HepPar1 and most showed a canalicular staining pattern for pCEA, confirming their hepatocellular differentiation. In addition, 39% of hepatocellular carcinoma cases and 59% of fibrolamellar carcinoma cases were positive for glypican-3. All 22 fibrolamellar carcinoma cases tested showed positive staining for cytokeratin 7 and epithelial membrane antigen, whereas less than one-third of hepatocellular carcinoma cases were positive for these markers (Po0.0001). Further, 36% of fibrolamellar carcinoma cases showed staining for B72.3, cytokeratin 19, EpCAM, or mCEA. Minimal evidence of neuroendocrine differentiation in either tumor was found with any of the usual immunohistochemical markers used for this purpose. Therefore, cytokeratin 7 and epithelial membrane antigen may be useful to differentiate between fibrolamellar carcinoma and hepatocellular carcinoma. On the basis of immunohistochemistry, fibrolamellar carcinoma seems to show both hepatocellular and bile duct differentiation.
Fibrolamellar carcinoma is a rare primary liver tumor with a distinctive histology consisting of nest and cords of oncocytic cells with prominent nucleoli and abundant cytoplasm surrounded by lamellar arrays of collagen.
1,2 Goodman et al 3 also described a further variant of fibrolamellar carcinoma with mucinous differentiation in their description of combined hepatocellular cholangiocarcinomas. According to the Surveillance, Epidemiology and End Results (SEER) program, there were 153 cases of fibrolamellar carcinoma between 1990 and 2004 compared with 26 503 cases of hepatocellular carcinoma, 4053 cases of cholangiocarcinoma, and 223 cases of mixed hepatocellular cholangiocarcinoma, 4 which emphasizes the rarity of this neoplasm.
The clinical features of fibrolamellar carcinoma differ from both hepatocellular carcinoma and cholangiocarcinoma. Fibrolamellar carcinoma shows an even gender distribution, whereas the male to female ratio is 1.5:1 for cholangiocarcinoma and approximately 3:1 for hepatocellular carcinoma. 5, 6 Fibrolamellar carcinoma is generally diagnosed in patients younger than 40 years, whereas hepatocellular carcinoma 1,2,4,5,7 and cholangiocarcinoma 6 usually affect patients 460 years of age. Unlike hepatocellular carcinoma, fibrolamellar carcinoma and cholangiocarcinoma are usually not associated with viral hepatitis or cirrhosis. 1 Elevated serum levels of AFP are common in hepatocellular carcinoma but are not found in fibrolamellar carcinoma. Fibrolamellar carcinoma is reported to have a slightly better prognosis than classical hepatocellular carcinoma, 1,2,4,5,7-11 but this difference may be related to the younger age of fibrolamellar carcinoma patients 12 and the lack of associated cirrhosis in fibrolamellar carcinoma. 13 Although no true lineage-specific immunohistochemical markers have been identified for primary liver tumors, a panel of antibodies can be used to distinguish between hepatocellular carcinoma and cholangiocarcinoma. In general, hepatocellular carcinoma is positive for HepPar1, glypican-3, and AFP, and negative for CK7, CK 19, EMA, B72.3, mCEA, and CA19-9, whereas cholangiocarcinoma has the opposite staining characteristics. [14] [15] [16] [17] [18] [19] [20] [21] [22] Hepatocellular carcinoma also shows a canalicular staining pattern with antibodies for pCEA and CD10, whereas cholangiocarcinoma shows either cytoplasmic or no staining with these antibodies. The immunohistochemical profile of fibrolamellar carcinoma has not been clearly defined. Most reports are limited by the number of cases, although some data suggest that fibrolamellar carcinoma stains for CK7, [23] [24] [25] contrasting with conventional hepatocellular carcinoma.
Interestingly, patients with fibrolamellar carcinoma were reported to have increased levels of neurotensin in their serum. 26 Ultrastructural studies have suggested that tumor cells of fibrolamellar carcinoma show neuroendocrine differentiation, 27, 28 although there has been no detailed immunohistochemical study to explore the frequency of neuroendocrine differentiation, relative to other primary hepatic carcinomas.
This study investigates the immunohistochemical and molecular profile of fibrolamellar carcinoma as well as the possibility of neuroendocrine differentiation of fibrolamellar carcinoma.
Materials and methods

Selection of Cases
A total of 40 specimens from 26 patients with fibrolamellar carcinoma and 62 specimens from 62 patients with hepatocellular carcinoma were retrieved from the files of the Department of Pathology, Memorial Sloan-Kettering Cancer Center, NY, USA, from 1988-2007. Identifying information was removed to protect patient confidentiality and the study was approved by the Memorial Sloan-Kettering Cancer Center internal review board. All 62 hepatocellular carcinoma specimens were primary resections. Several cases of fibrolamellar carcinoma had multiple resections within the archive. Specimens from primary tumors were available from 19 cases (12 cases with primary resections alone, 1 case with a biopsy from the primary tumor alone, 3 cases with primary resections and lymph node metastases, 2 cases with primary tumors and two distant metastatic sites each, and 1 case with the primary tumor, a liver recurrence, and a distant metastatic site). In one case, tissue was only available from a lymph node metastasis and in another three cases tissue was only available from distant metastatic sites. One case had tissue from a lymph node metastasis and three different distant metastatic sites, one case had tissue from a lymph node metastasis and one distant metastatic site, and one case had tissue from a liver recurrence and a lymph node metastasis. In addition, adjacent nonneoplastic liver tissue was analyzed from seven cases of fibrolamellar carcinoma. Hematoxylin and eosinstained slides from all the cases were reviewed and diagnoses were confirmed. Paraffin sections were prepared for in situ hybridization and immunohistochemistry.
Tissue Microarrays
Three 0.6-mm cores of tumor tissue from 22 cases of fibrolamellar carcinoma and 52 cases of hepatocellular carcinoma and three cores from tissue adjacent to 7 cases of fibrolamellar carcinoma were assembled into three tissue microarrays. The tissue microarrays included five of the nine cases of fibrolamellar carcinoma and none of the ten cases of hepatocellular carcinoma used for whole-section staining.
In Situ Hybridization
In situ hybridization for albumin mRNA expression was performed using an antisense riboprobe hybridizing to a 322-bp portion of the albumin mRNA, consisting of nucleotides 163-484 (GenBank accession number V00495). Briefly, fresh-frozen normal human liver tissue was used for extraction of total RNA, from which the template for albumin riboprobe synthesis was generated by reverse-transcribed PCR (RT-PCR) (Ready-to-go RT-PCR beads; Pharmacia Biotech, Piscataway, NJ, USA). The first primer pair (T7-ALB-FWD-5 0 -AATTAATACGACTCACTAT AGAGGTTGCTCATCGGTTTA-3 0 and SP6-ALB-REV-A-5 0 -CGATTTAGGTGACACTATAGGAGGTTTGGGTTGT CAT-3 0 ) included binding sites for T7 and SP6 RNA polymerases, respectively. The RT-PCR products were then reamplified using a second, outer primer pair (EcoRI-T7-5 0 -GCTTCGAATTCTAATACGACTC ACTATA-3 0 and BamHI-SP6-5 0 -ATACGGGATCCAT TTAGGTGACACTATA-3 0 ) (T7 and SP6 RNA polymerase binding sites) to add nucleotides to the ends of the PCR products for more efficient transcription and to introduce restriction endonuclease sites for plasmid cloning of the probe template, if necessary. Digoxigenin-labeled riboprobes (SP6-ALB, antisense; T7-ALB, sense) were then generated by in vitro transcription using the appropriate RNA polymerase (DIG RNA-labeling kit; Boehringer Mannheim, Indianapolis, IN, USA). In situ hybridization was performed using the Dig-AP detection kit with NBT/BCIP as the chromogenic agent, according to the manufacturer's instructions (Zymed Laboratory, San Francisco, CA, USA). Distinct cytoplasmic bluish-black granularity was considered to be a positive result for albumin mRNA. Nonneoplastic liver and nonneoplastic biliary elements within the sections studied provided internal positive and negative controls, respectively. A sense sequence probe was also used as a negative control. Results were graded similarly to those for the keratin immunohistochemical stains.
Immunohistochemistry
Immunohistochemical staining was carried out on archival paraffin-embedded tissue sections using avidin-biotin complex technique. Briefly, 5-mm paraffin sections were prepared and mounted on Superfrost Plus glass slides (Fisher Scientific, Pittsburgh, PA, USA). Deparaffinized sections were pretreated for antigen retrieval. Indirect immunoperoxidase staining was used according to standard protocols. The sections were incubated with a primary antibody followed by anti-mouse or rabbit immunoglobulin IgG conjugated with horseradish peroxidase. The peroxidase reactions were carried out using 3,3 0 -diaminobenzidine tetrahyhydrochloride (3, 3 0 -diamonbenzidine). The sources of antibodies, dilutions, and method of antigen retrieval are detailed in Table 1 .
The immunohistochemical staining was scored as: 1 (negative): no staining in any cells; 2 (focal positive): o15% of tumor cells stained positively; and 3 (positive): 415% of tumor cells stained positively. For pCEA and CD10 only a canalicular pattern of staining was scored as positive. The overall score was recorded across all cores from the same original tissue block present on the stained slide. At least one core from each tissue block must have been present on the stained slide for analysis. 
Results
Clinical and Pathological Characteristics of Fibrolamellar Carcinoma and Hepatocellular Carcinoma Cases
The clinical characteristics of the 26 cases of fibrolamellar carcinoma and 62 cases of hepatocellular carcinoma are summarized in Table 2 . The mean age at diagnosis of fibrolamellar carcinoma was 25 years compared with 62.7 years for hepatocellular carcinoma. The male to female ratio for fibrolamellar carcinoma was 1:1.6, whereas the ratio for hepatocellular carcinoma was 4.2:1. In total, 13 of the 26 cases of fibrolamellar carcinoma had positive lymph nodes, whereas only one of 62 cases of hepatocellular carcinoma had lymph node involvement. None of the tested cases of fibrolamellar carcinoma were serologically positive for hepatitis B or C virus and none had elevated serum AFP (415.0 ng/ml), whereas 13 of 40 tested patients with hepatocellular carcinoma were positive for hepatitis B, 1 of 33 tested patients were positive for hepatitis C, and 19 of 39 cases had elevated serum AFP levels. The histological appearance of the fibrolamellar carcinoma cases was similar to that previously described, 1,2 with nests and cords of large cells separated by variably dense bands of collagen arranged in parallel arrays. Rare pseudoglands were found in some cases. The nuclei were large and contained prominent nucleoli, and the cytoplasm was abundant, granular, and eosinophilic ( Figure 1a) . None of the cases showed mucinous differentiation as described by Goodman et al. 3 The cases of hepatocellular carcinoma also showed typical histological features (Figure 1b) .
Fibrolamellar Carcinomas and Markers Associated with Hepatocellular Carcinoma
Whole-section slides were stained for HepPar-1, pCEA, and AFP. As shown in Table 3 , all cases of fibrolamellar carcinoma and hepatocellular carcinoma tested showed diffuse staining for HepPar1 and 80% of fibrolamellar carcinoma cases and 89% of hepatocellular carcinoma cases showed at least focal canalicular staining for pCEA. AFP was focally positive in 40% of hepatocellular carcinoma cases and negative in all fibrolamellar carcinoma cases. A positive signal was detected in all cases of fibrolamellar carcinoma and hepatocellular carcinoma tested by in situ hybridization with a probe specific for albumin mRNA (Table 3, Figure 1c and d) . Tissue microarrays stained with glypican-3 showed that 59% of fibrolamellar carcinoma and 39% of hepatocellular carcinoma cases showed positive staining in 415% of tumor cells (Figure 1e and f) , whereas immunostaining for CD10 showed that 30% of hepatocellular carcinoma and 32% of fibrolamellar carcinoma cases demonstrated canalicular staining in at least 15% of tumor cells (Table 4 ). Positive nuclear staining for p53 was detected in at least 15% of tumor cells in 38% of hepatocellular carcinoma cases and 23% of fibrolamellar carcinoma cases (Table 4) .
Fibrolamellar Carcinoma and Markers Associated with Cholangiocarcinoma
Tissue microarrays were stained for CK7, EMA, B72.3, mCEA, CK19, EpCAM, and CA19-9, whereas whole slide sections were stained for CK20. Percentages of cases with at least one specimen showing positive (415% of tumor cells) or focal positive (o15% of tumor cells) staining are shown in Table 4 . CK7 and EMA showed positive staining in at least one specimen from all fibrolamellar carcinoma cases compared with less than one-third of hepatocellular carcinoma cases (Po0.0001; Figure 2a-d) . B72.3 showed positive staining in 23% of fibrolamellar cases compared with 0% of hepatocellular carcinoma cases (Po0.0001), although 2% of hepatocellular carcinoma cases showed focal positivity for this marker. Positive mCEA and EpCAM staining was seen in 9% and 14% of fibrolamellar carcinoma cases, respectively, whereas no cases of hepatocellular carcinoma were positive for these markers (Po0.01; Figure 2e -f). CK19-positive staining was present in 23% of fibrolamellar carcinoma cases compared with 10% of hepatocellular carcinoma cases (not significant). In all, 36% of fibrolamellar carcinoma cases were positive for at least one of the above markers. Altogether, 2% of hepatocellular carcinoma cases were positive for CA19-9, whereas only focal staining was seen in any fibrolamellar carcinoma cases. Half of the hepatocellular carcinoma cases tested showed at least focal staining with CK20, whereas all fibrolamellar carcinoma cases tested were negative (Table 5) .
The fibrolamellar carcinoma cases collected for study consisted of tissue from primary liver tumors (14 cases), liver recurrences (2 cases), lymph node metastases (6 cases), and distant metastases (9 cases). Multiple cases had tissue from more than one of these categories. The staining patterns were generally conserved over these categories (Table 4) , showed positivity for CK7 and 43% showed positivity for EMA. The adjacent normal tissue was negative for p53, glypican-3, B72.3, mCEA, EpCAM, CK19, and CA19-9 (Table 4 ). 
Fibrolamellar carcinoma of liver
Fibrolamellar Carcinoma Rarely Shows Neuroendocrine Differentiation by Immunohistochemistry
Whole slide sections were stained for chromogranin, synaptophysin, NSE, CD56, and Leu7. As shown in Table 5 , most cases of fibrolamellar carcinoma and hepatocellular carcinoma tested were negative for all the neuroendocrine markers studied except CD56. Only rare cases of fibrolamellar carcinoma and hepatocellular carcinoma showed focal positivity for one or two of the other markers. The most specific markers (chromogranin and synaptophysin) were only focally expressed in one case of hepatocellular carcinoma, whereas all fibrolamellar carcinomas were negative for these markers. Fibrolamellar carcinomas did not show more frequent or widespread neuroendocrine differentiation than hepatocellular carcinomas.
Discussion
Fibrolamellar carcinoma is a rare primary liver tumor with distinctive histological and clinical features separating it from both hepatocellular carcinoma and cholangiocarcinoma. Although the morphological features of fibrolamellar carcinoma strongly suggest that it shows hepatocellular differentiation, there are sufficient differences from classical hepatocellular carcinoma in the association with hepatitis and cirrhosis and in the production of AFP to raise questions about the cellular differentiation of fibrolamellar carcinoma. The occurrence of a mucin-producing variant of fibrolamellar carcinoma 3 raises the possibility of bile duct differentiation in this entity, although mucin production seems to be a rare feature. The current study was carried out to clarify the immunophenotype of this rare hepatic neoplasm. The cases included in this study represented pathologically and clinically typical examples of the fibrolamellar carcinoma and did not include examples of the mucin-producing variant of fibrolamellar carcinoma.
Although there are no lineage-specific immunohistochemical markers for hepatocellular carcinoma or cholangiocarcinoma, a panel of antibodies can be used to distinguish between these tumors. HepPar1 is a monoclonal antibody that specifically reacts with hepatocytes, 29 although some tumors other than hepatocellular carcinoma may stain (eg, adenocarcinomas of the stomach, ovary, and lung, and intraductal oncocytic papillary neoplasms of the pancreas and liver). 30 Glypican-3 is a heparin sulfate proteoglycan that is expressed in fetal liver and in B80% of hepatocellular carcinoma cases. 21, 22 AFP is a rather specific but relatively insensitive immunohistochemical marker of hepatocellular carcinoma, [33] [34] [35] although marked serum elevations of (6) 28 (32) 28 (6) 0 (2) (14) 59 (0) 32 (5) 100 (0) 100 (0) 23 (23) 9 (0) 14 (5) 23 (0) (7) 64 (0) 21 (7) 100 (0) 93 (0) 14 (21) 14 (0) 14 (0) 21 (0) 31-35 CD10 also has the same staining pattern as pCEA. 36 Probably, the most specific test to document hepatocellular differentiation is in situ hybridization for albumin, which is reported in be positive in 75-96% of hepatocellular carcinoma and can also be useful to demonstrate Figure 2 Immunohistochemical stains for CK7 and EMA were strongly positive in all cases of fibrolamellar carcinoma (a and c, respectively), whereas most cases of hepatocellular carcinoma were negative for CK7 and EMA (b and d, respectively) ( Â 200). Immunohistochemical stains for EpCAM showed that 14% of fibrolamellar carcinoma cases were positive (e), whereas no cases of hepatocellular carcinoma were positive (f) ( Â 200).
Fibrolamellar carcinoma of liver hepatocellular differentiation in combined hepatocellular cholangiocarcinomas. [37] [38] [39] The immunohistochemical profile for cholangiocarcinoma is less distinctive. HepPar1 and AFP staining have not been reported in cases of cholangiocarcinoma, and these cases do not show a canalicular pattern of staining with pCEA or CD10. The majority of cases of cholangiocarcinoma, however, stain for CK7, [15] [16] [17] [18] [19] CK19, [15] [16] [17] [18] and EMA, 20 and there may be staining for the glycoprotein markers B72.3, mCEA, 19 and CA19-9. 20 Although these antibodies are not specific for cholangiocarcinoma, they are rarely positive in hepatocellular carcinoma.
We applied the above panel of antibodies to fibrolamellar carcinoma and found that all cases tested showed staining with HepPar1 and had albumin mRNA detectable by in situ hybridization. We showed that 59% of fibrolamellar carcinoma cases were positive for glypican-3, consistent with the findings of Shafizadeh et al. 22 However, we found that only 39% of our hepatocellular carcinoma cases were positive for glypican-3, much lower than the 70-100% range reported by Shafizadeh et al 22 and other groups. 21, [40] [41] [42] [43] Our study used a tissue microarray for glypican-3 immunostaining in contrast to whole-section staining performed in the other studies; thus, the possibility of focal staining elsewhere in the tumors cannot be excluded.
Fibrolamellar carcinomas also strongly expressed some markers more typically associated with bile duct differentiation (EMA and CK7). In addition, over a third of the cases of fibrolamellar carcinoma also stained for B72.3, CK19, EpCAM, or mCEA, which are biliary markers very rarely seen in cases of hepatocellular carcinoma. Although some of these markers were also expressed in a small subset of classical hepatocellular carcinomas (see Table 4 ), there was significantly more labeling of fibrolamellar carcinomas than hepatocellular carcinomas for most bile duct-associated markers. EpCAM and CK19 positivity have also been associated with worse prognosis in hepatocellular carcinoma, possibly related to a progenitor cell phenotype. [44] [45] [46] [47] [48] Interestingly, hepatoblastomas 49, 50 and hepatocellular carcinomas occurring in pediatric patients also show increased staining for biliary and progenitor cell markers. 51 The increased staining of fibrolamellar carcinomas with EpCAM may indicate that these tumors have a progenitor cell phenotype with both hepatocellular and biliary differentiation or may be related to the development of these tumors at a younger age.
Cholangiocarcinoma can be further subdivided by location into peripheral, hilar, and extrahepatic. The immunohistochemical profiles of these subdivisions have recently been investigated, showing that the peripheral cholangiocarcinomas show less staining with glycoprotein markers such as B72.3. In this regard, fibrolamellar carcinomas appear to most resemble peripheral cholangiocarcinomas (rather than hilar or extrahepatic) immunohistochemically.
In our study, 40% of hepatocellular carcinomas were focally positive for AFP, which is consistent with previous reports. Unlike patients with hepatocellular carcinoma who often have increased serum levels of AFP, serum AFP levels are normal in patients with fibrolamellar carcinoma, 35 and none of the nine fibrolamellar carcinoma cases that we tested was positive for AFP by immunohistochemistry.
As expected, the adjacent nonneoplastic tissue showed canalicular staining with CD10 in all the seven cases tested. Many of these cases also showed positivity for CK7 and EMA. This may indicate a reactive upregulation of biliary-type markers in the liver tissue adjacent to tumors, as is seen in response to other liver injuries or diseases. 52, 53 None of the nine cases of fibrolamellar carcinoma tested were positive for CK20. However, we showed that three of ten cases of hepatocellular carcinoma were positive for CK20, whereas an additional two cases were focally positive. Leung et al 54 showed that only 2 of 32 excisional or needle biopsies of hepatocellular carcinoma were positive for CK20, whereas Saleh et al 55 found that 6 of 42 fine needle aspirate specimens from hepatocellular carcinoma were positive for CK20. Our higher CK20 positivity rate in hepatocellular carcinoma may be due to our use of tissue from resection specimens, although conclusions drawn from our results are limited by the small sample size tested.
Previously, it was proposed that fibrolamellar carcinoma may show neuroendocrine differentiation based largely on ultrastructural studies. The cytoplasm of the tumor cells was found to have uranaffin-positive dense-core secretory granules.
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This finding was in keeping with the fact that patients with fibrolamellar carcinomas often have increased serum levels of neurotensin. 10 However, there has not been any previous report to corroborate 57 and precursor lesions of hepatocellular carcinoma, including small cell change, 58 dysplastic nodules, 59 hepatic adenoma, 60 and reactive bile ductules. 61 Furthermore, some degree of neuroendocrine differentiation has been previously reported in hepatocellular carcinomas. Wang et al 62 studied 16 cases of hepatocellular carcinoma with neuroendocrine markers NSE, protein gene product 9.5, vasoactive intestinal polypeptide, calcitonin, and the Grimelius stain. In all, 11 cases were positive for protein gene product 9.5, 4 for NSE, 8 for vasoactive intestinal peptide, 2 for calcitonin, and 7 showed granular staining by the Grimelius method. Zhao et al 63 used a large battery of general and specific neuroendocrine markers to study hepatocellular carcinomas from 50 patients. They found that 60% of their cases were positive for one or more neuroendocrine markers and multireactivity was noted in 24% of the cases. In this study, we found minimal evidence of neuroendocrine differentiation in fibrolamellar carcinoma by staining for synaptophysin, chromogranin, NSE, CD56, and Leu7. Several cases of hepatocellular carcinoma and fibrolamellar carcinoma showed at least focal staining for CD56 (30 and 89%, respectively). The positive staining of fibrolamellar carcinoma for CD56 may be a further evidence of ductular differentiation, 61 although the predominantly focal-staining pattern and lack of staining with other neuroendocrine markers suggest that the CD56 staining may be nonspecific. As we used only five of the most commonly used general neuroendocrine markers, it would not be surprising if a more extensive battery of specific neuroendocrine markers may detect reactivity in more cases. But our data suggest that fibrolamellar carcinoma is not fundamentally a neuroendocrine tumor and probably has no more potential for minor neuroendocrine differentiation than hepatocellular carcinoma.
We demonstrated an increased incidence of lymph node metastasis in fibrolamellar carcinoma compared with hepatocellular carcinoma, as has been described in previous reports. 1, 64, 65 Half of our cases of fibrolamellar carcinoma had lymph node metastases compared with only 1 of 62 cases of hepatocellular carcinoma. Cholangiocarcinomas 66, 67 and hepatoblastomas 68 also show higher rates of lymph node metastasis at surgery than hepatocellular carcinoma, suggesting a link between these tumors and fibrolamellar carcinomas. However, as our study and many others only include patients who underwent surgical resection, this does not accurately represent the rate of lymph node metastasis at presentation for these various tumors. Most cases of hepatocellular carcinoma with lymph node metastasis are deemed inoperable, whereas resections are still performed for patients with fibrolamellar carcinoma, cholangiocarcinoma and hepatoblastoma with extrahepatic spread.
In summary, fibrolamellar carcinoma affects a younger patient population than both hepatocellular carcinoma and cholangiocarcinoma. Fibrolamellar carcinoma histologically resembles hepatocellular carcinoma and the albumin mRNA in situ hybridization assay demonstrates that these tumors show hepatocellular differentiation. Immunohistochemically, however, fibrolamellar carcinomas share features with both hepatocellular carcinoma and cholangiocarcinoma. The uniformity of staining with HepPar1, CK7, and EMA show that these are true markers of fibrolamellar carcinoma, rather than random alterations in the makeup of these tumors. In addition, 36% of fibrolamellar carcinoma cases show staining for B72.3, CK19, EpCAM, or mCEA, further demonstrating their relationship with cholangiocarcinoma. As most of the immunohistochemical stains in this study were performed on tissue microarrays, our results may actually underestimate the immunohistochemical evidence of biliary differentiation in fibrolamellar carcinoma. Our findings suggest that fibrolamellar carcinoma could be derived from a precursor cell with the ability to differentiate into hepatocytes or bile duct cells. Recognition of this distinctive immunophenotypes may aid in the diagnostic evaluation of primary hepatic neoplasms.
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